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One-half minim of a 0.1% solution of epinephrine in water per kilogram of body weight was administered with a maximum dose of ten minims to any individual, after a 12-hour fasting period. Thus all adults and most children studied received a dose of 10 minims intramuscularly. Serum glucose and citric acid levels were followed at short intervals as shown in the charts below. In view of the varying response of different individuals, average curves were not drawn but representative results are shown in Figure 1 for children, and Figure 2 for adults. Glucose determinations were carried out by the method of Folin and Wu (3) and citric acid determinations were carried out as described before (4). This latter method has been in routine use in our laboratory for more than a year and is in error by less than 5%.
Comparison of fasting serum levels of citric acid with the maximum level reached after epinephrine administration is tabulated in Table I . Results obtained on the serum of children and adults are averaged together since no significant difference was noted between the two groups. In order to compare these results with the effect of insulin, similar studies were carried out with insulin administered intramuscularly. This type of study had been reported before but no curves 1 Presented at the Meeting of the American Chemical Society at Washington, D. C., August 30, 1948. were shown (1).- Figure 3 shows four typical curves obtained in this study.
We have also studied the effect, on citric acid levels, of intravenous administration of glucose (5) . Figure 4 shows a typical result obtained after the intravenous administration of glucose to a 100 lb. girl (50 mg./lb.). A total of 5 grams of glucose dissolved in 25 ml. of water was administered within a one-minute period. This curve is included for comparison with the curves obtained on intramuscular administration of epinephrine. Table I that intramuscular injection of epinephrine will cause a rise in citric acid serum levels. This is in contradistinction to the effect of insulin ( Figure 3 ) or glucose, either orally (1, 2) or intravenously ( Figure 4 ), all of which cause a lowering of citric acid levels. Earlier (2) we reported that certain convulsives and diabetics responded to administration of glucose with a rise in citric acid levels rather than a fall. We are investigating the possibility that in these cases some abnormality exists which results in excessive epinephrine secretion during the test.
DISCUSSION

It can be seen readily from Figures 1 and 2, and
A preliminary drop in citric acid levels, from the fasting level, was observed in 17 out of the 28 cases. The average citric acid level for all cases, 15 minutes after the administration of epinephrine, was 3 % lower than the fasting level. Statistical comparison of this level with the fasting level yielded a P value of 0.6 which is not statistically significant. Thus it can be said that no significant rise in citric acid levels occurs within the first 15 minutes. The rise in glucose levels during this time (within 15 minutes) is definitely significant, being 50%o higher than the fasting level. Compar- is obtained. Thus the response in changes of glucose levels on administration of epinephrine is more rapid than the response of citric acid levels. These observations would imply that the action of epinephrine, in its effect on citric acid levels, is probably more indirect than the mechanism whereby it acts in causing a rise in serum glucose levels.
Other acids like pyruvic and lactic acids which are intermediates in glucose metabolism increase when glucose, insulin or epinephrine is administered (6) (7) (8) (9) (10) (11) (12) . However, the literature is not in complete agreement as to the effects of insulin and glucose administration on serum lactic acid levels (13) .
Citric acid is distinctive in showing a lowering of the serum levels on the administration of insulin or glucose but a rise on administration of epinephrine.
The observation that epinephrine will cause a rise in citric acid levels must be taken into account when explaining changes in citric acid levels under certain abnormal conditions. For example, Lovgren claims that high citric acid levels are found consistently in acute allergic states (14) . I/ This may be associated with an increase in epinephrine secretion observed in this condition (15) .
Other substances have been reported as causing increased citric acid levels in the blood. Alwall (16) reports an increase in citric acid levels with prostigmine in man. However, Martensson (17) disagrees with these findings and reports no change. Differences of this type which appear in the literature may be due, in part, to variations in the alarm response of patients under the varying conditions under which the experiments were carried out.
Physostigmine, a compound related in physiological action to prostigmine, is reported to interfere with a rise in citric acid levels which normally follows injection of calcium lactate (18) . The action of this drug and others like it which lower citric acid levels should be studied in their rela-tionship to their anti-epinephrine action and their effect on epinephrine secretion.
Of interest is the observation of Hajdu and Korenyi (19) that continuous injection of citric acid will cause hypertrophy of the medulla of the suprarenals. If the left celiac ganglion is extirpated hypertrophy does not occur. The greatest concentration of citric acid in the body occurs in the suprarenals (20) (21) (22) .
Synthalin, a guanidine derivative, causes a lowering of glucose levels in diabetics. This compound and guanidine itself will produce 'a rise in citric acid levels when injected (23) . In view of our observations that insulin causes a lowering of citric acid levels, it is apparent that synthalin, as far as its effect on citric acid levels is concerned, is quite different from insulin. It is well known that synthalin produces liver damage (24) (25) (26) . In (27) . The exact relationship between citric acid and endogenous epinephrine levels will be ascertained only when a precise and specific method for the determination of minute amounts of epinephrine becomes available. SUMMARY Epinephrine administered intramuscularly caused a rise in citric acid serum levels in 28 normal adults and children.
Administration of glucose intravenously or insulin intramuscularly results in a decrease in citric acid serum levels. 
